Background
Pneumomediastinum is the presence of air or other gas in the medistinic cavity. Based on the main etiologic precipitant, it can be classified as traumatic, iatrogenic, or spontaneous [1] .
Spontaneous pneumomediastinum (SPM) is a rare entity, occurring predominantly in young male patients without significant medical background [2] . The pathophysiology of SPM is thought to be caused by a sudden increase in intrathoracic pressure, resulting in increased intra-alveolar pressure, leading to alveolar rupture [3] . This rupture leads to further air leakage into the interstitium in a centripetal pattern towards the mediastinum.
Many conditions and triggers have been identified and associated with SPM including asthma, strenuous exercise, chronic obstructive pulmonary disease (COPD), diabetic ketoacidosis, inhalational drugs, and other activities associated with the Valsalva maneuver [4] . A systematic review of the literature identified the most frequently reported symptoms to be chest pain, dyspnea, and cough [5] . Significant physical examination findings include subcutaneous emphysema, neck swelling, and the Hamman sign (a cracking sound auscultated during systole) [1] .
Among rare findings reported in patients with SPM is tracheal diverticulum [6] . These outpouchings consist of small air collections from a single or multiple invagination on the tracheal wall, lined by ciliated columnar epithelium [7] . Recent studies identified the prevalence to be around 8% [8] .
We present a case of SPM that on further evaluation was noted to have a TD together with a probable diagnosis of asthma. Subsequently, we examine how the diagnosis of asthma, despite having a normal spirometry, was made. Finally, we discuss the possible associations, if any, and hypothesize the sequence of events between these 3 entities.
Case Report
A 25-year-old college male student developed progressive symptoms of dyspnea beginning in the morning. Later that day, symptoms became so severe that he had to be admitted to the hospital. In the Emergency Department the patient mainly complained of dyspnea and chest pain. His body mass index was 22.3 kg/m 2 , and he had a history of allergic rhinitis treated with self-prescribed over the counter H1 antihistamines, and he had a dust mite allergy confirmed by prick test. The patient denied tobacco consumption. Past medical history was unremarkable for arthralgias, chills, weight loss, familial history of asthma, dyspneic episodes, or chest pain. On physical examination he was afebrile, with no abnormal cardiac sounds. Wheezing was noted among pulmonary auscultation. At palpation, he had subcutaneous crepitation at the right supraclavicular area.
A computed tomography (CT) scan was performed, which showed presence of air surrounding the supra aortic trunks, ascending and descending aorta, esophagus, trachea, and heart, compatible with pneumomediastinum. There were no signs of pneumothorax or pleural effusions. Ground glass opacities were present in the right medium pulmonary lobe and the left lower pulmonary lobe. No nodules or adenopathies were noted. CT scan of the abdomen was otherwise normal.
Initial laboratory tests revealed a marked C-reactive protein elevation, together with leukocytosis. Gram stain of the sputum revealed gram-positive cocci, with positive IgG serology for adenovirus. Sputum culture negative for any microorganisms (laboratory workup is depicted in Table 1 ). The patient was started on empiric antibiotic therapy with levofloxacin and clindamycin, intravenous steroids, analgesia, and inhaled bronchodilators. He was discharged 3 days later, with good clinical and radiological response to treatment.
One week after discharge, the patient developed dyspnea while playing sports, which lead him to seek a physician visit. Due to recent events, a CT scan along with pulmonary function tests were performed ( tracheal diverticulum, measuring 3.79 mm on the horizontal axis by 3.27 mm on the vertical axis; located on the right posterolateral region of the trachea at T1 level. No other abnormalities were noted on the CT scan ( Figure 1 ).
The patient was initiated on bronchodilators with inhaled corticosteroids (fluticasone/salmeterol) with satisfactory clinical response. FeNO measurements 1 week after treatment initiation decreased to normal levels. The patient reported improvement in symptoms. After 1 month, owing to a clinical improvement, the patient discontinued medication on his own, leading to a return of chest tightest and dyspnea induced by strenuous activity or exercise. He was again counseled and prescribed with the appropriate treatment.
Three months from the initial event, the patient remains asymptomatic, with close follow up, and short acting bronchodilators if needed. Regarding the tracheal diverticulum, a watch and wait approach was adopted. Bronchoscopy has not yet been performed at any stage.
Discussion
A follow-up to SPM weeks later, revealed 2 previously undiagnosed conditions: the presence of a tracheal diverticulum on CT scan, and a possible diagnosis of asthma. The patient had symptoms suggestive of the latter (dyspnea induced by physical activity), but on spirometry no demonstrable obstruction was noted. With additional tests performed, the patient was found to have several abnormalities: high FeNO, high LCI, and elevated DLCO.
A study by Spergel et al. evaluating the correlation between FeNO, spirometry, and asthma symptoms suggested that FeNO correlated more closely than forced expiratory volume (FEV1) to symptoms. Of note, is the fact that in the same study [9] , FeNO did not correlate with FEV1, suggesting that these parameters measured different aspects of asthma. While spirometry focuses on bronchoconstriction, FeNO measures airway inflammation [10] . These differences translate into various results and clinical implications. Spirometry is vulnerable to reversibility of airway obstruction, and might yield normal measurements in patients with asthma that are asymptomatic when the test is performed [11] . This interaction lowers the sensitivity of spirometry, limiting its clinical value to rule out asthma. On the other hand, FeNO is associated in parallel to airway caliber, with low FeNO measurements on narrow-constricted airways, but elevated and steadier values in periods with normal airway caliber [12] [13] [14] . This represents a considerable advantage of FeNO over spirometry in the context of mild to moderate asthma, where patients are usually asymptomatic when attending at the healthcare provider's office. For the diagnosis of asthma in adult individuals, a sensitivity of 29% (95% CI, 21-39) has been reported for spirometry [11] . A recent systematic review and metanalysis evidenced that FeNO can reach a sensitivity of 80% (95% CI, 72-86) [15] . Thus, proving useful for ruling out the condition. In our case, there were 3 assessments of FeNO. Pretreatment measurement of FeNO yielded a high (108 ppb) value, indicating possible airway inflammation. Following inhaled corticosteroids and bronchodilators, FeNO decreased to 39 ppb, together with improvement in clinical response. A third assessment made following a period when the patient discontinued medication on his own, revealed a higher FeNO (79 ppb), together with worsening of symptoms.
Despite not having an objective demonstration of reversible airway obstruction, the patient had a compatible symptomatology with asthma (mainly chest tightness and dyspnea, both induced by exercise). He also presented with elevated levels of FeNO when symptomatic, which decreased near to normal levels after bronchodilation. When discontinuing medication, a significant increase in FeNO was once again recorded, accompanied with worsening symptoms. In this case, testing for bronchial hyper-responsiveness by performing a methacholine challenge test would have provided a final answer to the diagnosis. Unfortunately, this testing modality is not yet available in our country.
Additionally, the patient was found to have a tracheal diverticulum on CT scan, located on the right posterolateral side of the trachea. This entity can be congenital or acquired in nature, with the latter occurring after long standing periods of increased intraluminal pressure in the presence of a weakened tracheal wall (e.g., COPD) [16] . Congenital tracheal diverticulum is seen more commonly in males, with diameter being smaller than acquired tracheal diverticulum [7] . These outpouchings can sometimes serve as a reservoir of infected mucus, thus being an underlying cause of recurrent respiratory tract infections, associated with episodes of hemoptysis [17] . Due to the location, size, age, and sex of the patient, the tracheal diverticulum found on CT scan appeared to be congenital in nature.
Taking into consideration the previous findings and limitations, after considering a possible asthma diagnosis, we hypothesized that the tracheal diverticulum might be a preexisting condition contributing to the pathogenesis of the pneumomediastinum. The anatomic weakness associated with this entity could have been the breaking point of sustained increased pressure in the airways, due to a possible asthma exacerbation. Currently, there has been only 1 case of pneumomediastinum associated with tracheal diverticulum, secondary to a perforation caused by tracheal intubation [18] . Evidently, the mechanical force exerted during intubation exceeded the resistance of the tracheal diverticulum wall. Analogous to our case, the mechanical stress was exerted by increased airway pressure. Perhaps, in a scenario without a tracheal diverticulum, no pneumomediastinum would have been manifested.
Conclusions
To the best of our knowledge, this is the first case report to discuss the possible implications and coexistence of asthma and tracheal diverticulum in the pathogenesis of SPM. Furthermore, the possibility of asthma diagnosis was based on compatible symptoms, and throughout the use of novel airway inflammatory, and small airway tests. The clinical utility of these observations could suggest that if SPM recurs during asthma exacerbation, a surgical approach for the tracheal diverticulum might be considered. Additionally, this could imply a stricter control and treatment of asthma control, with a closer follow-up in this particular case.
